INTRODUCTION
============

Gastric cancer is one of the world\'s most common cancers and represents a major clinical challenge. It is widely accepted that gastric cancer arises from *Helicobacter pylori* infection in a susceptible human. Inflammation may play an important role during gastric carcinogenesis induced by *H. pylori*. An inflammatory microenvironment promotes the changes observed in tumor cells that become metastatic and spread from the primary site ([@B1]). To stimulate this process, epithelial-to-mesenchymal transition (EMT) is required. During EMT, carcinoma cells become more motile and invasive by acquiring characteristics similar to embryonic mesenchymal cells, thereby allowing penetration of the stroma surrounding the initial neoplastic focus ([@B2]). Cell-cell adhesion mediated by E-cadherin is required for the maintenance of epithelial tissue architecture in adult organisms ([@B3]). The down-modulation of E-cadherin is an important marker for EMT ([@B4]). The loss of E-cadherin occurring during carcinoma progression can take place through gene mutations, hypermethylation of its promoter, and transcriptional repression ([@B5]). E-cadherin repressors that have been implicated in EMT are the Snail family, the basic helix-loop-helix factors E47 and Twist, and the two-handed zinc factors zinc finger E-box-binding homeobox 1 (ZEBl) and smad-interacting protein 1 (SIPl) ([@B2]).

Gastric cancer tissues release higher level of prostaglandin E~2~ (PGE~2~) when compared to non-neoplastic mucosa ([@B6]). PGE~2~ is related to carcinogenesis through immunosuppression, inhibiting apoptosis, increasing metastatic potential of epithelial cells and promoting angiogenesis ([@B7], [@B8]). Tsujii and Dubois ([@B7]) have demonstrated that the cyclooxygenase-2 (COX-2) overexpression was linked to inactivation of E-cadherin in intestinal epithelial cells. A recent study showed that down-regulation of COX-2 by celecoxib led to up-regulation of E-cadherin mRNA and protein levels in gastric cancer cell lines ([@B9]). Similar results were also observed in several human cancer cell lines ([@B10]-[@B12]). Interleukin-1β (IL-1β) is up-regulated in *H. pylori*-infected gastric tissue ([@B13]). IL-1β polymorphisms with T/T and T/C genotypes increase IL-1β production, and are closely related to the increased risk of gastric cancer ([@B14]). A recent study demonstrated that IL-1β treatment induced E-cadherin methylation in gastric cancer cells ([@B15]). In addition, IL-1β reduced E-cadherin expression by inducing Snail in a COX-2 dependent manner in head and neck squamous cell carcinoma (HNSCC) ([@B16]). Here, we investigated the effect of proinflammatory mediators on E-cadherin expression in gastric cancer cells.

MATERIALS AND METHODS
=====================

Cell culture and reagents
-------------------------

Two gastric cancer cell lines (SNU719, SNU668) were obtained from the Korean Cell Line Bank (Seoul, Korea) and grown in RPMI 1640 (Life Technologies, Inc., Gaithersburg, MD, USA) supplemented with 10% fetal bovine serum (Life Technologies, Inc.) and gentamicin (10 µg/mL) in a 5% CO~2~ humidified atmosphere. PGE~2~ and IL-1β were purchased from Sigma (St. Louis, MO, USA) and dissolved in absolute ethanol or distilled water, respectively.

Transfection of Snail cDNA
--------------------------

SNU719 cells (2 × 10^5^ in 2 mL of RPMI 1640 without gentamicin) were plated in six-well plates. Twenty-four hours later the cells were transfected with vector alone or with 4 µg of pcDNA3.1-Snail (a gift of Dr. JI Yook, Department of Oral Pathology, College of Medicine Yonsei University, Seoul, Korea) using Lipofectamine 2000 (Life Technologies, Inc.) according to the manufacturer\'s instructions. Briefly, 4 µg of DNA was mixed with 250 µL of Opti-MEM I (Life Technologies, Inc.). The diluted DNA was combined with 10 µL of Lipofectamine 2000 diluted by 250 µL of Opti-MEM I (Life Technologies, Inc.) and incubated for 20 min at room temperature. This mixture was added to cells that had attained 90% confluence in six-well plates. After 48 hr, the cells were harvested for Western blot analysis.

Snail siRNA
-----------

SNU719 and SNU668 cells (2 × 10^5^ in 2 mL of RPMI 1640 without gentamicin) were plated in six-well plates. Twenty-four hours later, the cells were transfected with control siRNA alone or with Snail siRNA (Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA) using siRNA transfection reagent (Santa Cruz Biotechnology, Inc.) according to the manufacturer\'s instructions.

Western blot analysis
---------------------

Cells were washed with cold phosphate buffered saline (PBS) and suspended in lysis buffer (1 × PBS, 1% Triton X-100) supplemented with complete miniprotease inhibitor mixture tablets (Boehringer Mannheim, Mannheim, Germany) on ice for 30 min. After removing cell debris by centrifugation, cell lysate protein concentrations were determined using bicinchoninic acid protein assay reagent (Pierce, Rockford, IL, USA) with bovine serum albumin as a standard. Twenty micrograms of protein was separated by 10% sodium dodecyl sulfate (SDS)-polyacrylamide gel and transferred to a nitrocellulose membrane. The membranes were blocked with 5% skim milk in Tris-buffered saline (TBS) for 1 hr at room temperature and probed with antibodies overnight at 4℃. The antibodies used were anti-COX-2 (1:500; Cayman Chemical, Ann Arbor, MI, USA), anti-E-cadherin (1:1,000, Transduction Laboratories, Lexington, KY, USA), anti-Snail, anti-Slug (1:750, Abcam plc., Cambridge, UK), and anti-glyceraldehydes 3-phosphate dehydrogenase (anti-GAPDH; 1:200, Santa Cruz Biotechnology, Inc.). After washing with TBS-0.05% Tween 20, the blots were treated with a horseradish peroxidase-conjugated anti-rabbit IgG antibody (1:5,000; Zymed Laboratories Inc., San Francisco, CA, USA) or an anti-mouse IgG antibody (1:5,000; Zymed Laboratories Inc.) for 1 hr at room temperature. Detection was performed by enhanced chemiluminescence (Pierce) and autoradiography. We examined optical density compared with GAPDH using Scion image (Scion Corporation, Frederick, USA).

Statistical analysis
--------------------

Kruskal-Wallis test was used to evaluate the statistical significance of band intensity of Snail and E-cadherin. Statistical significance was considered for a *P* value \< 0.05.

RESULTS
=======

As shown in [Fig. 1A](#F1){ref-type="fig"}, there was a reciprocal correlation between E-cadherin expression and the expression of Snail and COX-2 in SNU719 and SNU668 cells. Ectopic expression of Snail reduced E-cadherin expression in SNU719 cells ([Fig. 1B](#F1){ref-type="fig"}). Transfection of Snail siRNA in SNU668 cells did not enhance E-cadherin expression (data not shown). Therefore, SNU719 cells were thought to be more suitable for the purpose of the present study. [Fig. 2](#F2){ref-type="fig"} reveals the expression of E-cadherin and Snail in SNU719 cells treated with PGE~2~. E-cadherin expression decreased as the dose or exposure time of PGE~2~ increased, whereas Snail expression increased with dose or time of PGE~2~. Snail siRNA blocked the expression pattern of E-cadherin occurred by PGE~2~ treatment in SNU719 cells as shown in [Fig. 3](#F3){ref-type="fig"}. [Fig. 4](#F4){ref-type="fig"} reveals the expression of E-cadherin and Snail in SNU719 cells treated with IL-1β. E-cadherin expression decreased as the dose or exposure time of IL-1β increased, whereas Snail expression increased with dose or time of IL-1β. However, the alteration of E-cadherin and Snail after IL-1β treatment was not so marked as that of PGE~2~ treatment. Neutralization of IL-1β using anti-IL-1β antibody blocked the expression pattern of E-cadherin and Snail induced by IL-1β treatment in SNU719 cells as shown in [Fig. 5](#F5){ref-type="fig"}. However, there was no synergic effect of IL-1β and PGE~2~ on the expression pattern of E-cadherin and Snail as shown in [Fig. 6](#F6){ref-type="fig"}. IL-1β enhanced COX-2 expression in SNU668 cells but did not induce COX-2 expression in SNU719 cells (data not shown). In addition, ectopic expression of COX-2 in SNU719 cells did not alter the expression of Snail and E-cadherin (data not shown). Therefore, we did not evaluate relationship among COX-2, E-cadherin and Snail.

DISCUSSION
==========

The present study showed that IL-1β and PGE~2~ reduced E-cadherin expression by enhancing Snail expression in gastric cancer cells. A defining characteristic of EMT is the loss of E-cadherin ([@B4]). Transcriptional repression is a predominant mechanism controlling the expression of E-cadherin in most carcinomas. Inflammation is closely associated not only with tumorigenesis, but also related to the progression of cancer. EMT takes center stage as convergence point between inflammation and the progression of cancer ([@B17]). Recent studies showed that IL-1β plays an important role in the pathogenesis of cancer and its level has been correlated with tumor invasiveness and poor prognosis ([@B18], [@B19]). IL-1β inhibits gastric acid secretion and its certain polymorphism leads to an increased risk of gastric cancer in *H. pylori* infection ([@B20]). Furthermore, in a transgenic mouse model, IL-1β induces gastric inflammation and neoplastic change ([@B21]). A recent study showed that IL-1β treatment induced E-caherin promoter hypermethytlation in several gastric cancer cell lines ([@B15]). In this study, IL-1β reduced E-cadherin expression by enhancing Snail expression in SNU719 gastric cancer cells, which was blocked by the neutralization of IL-1β using anti-IL-1β antibody. Moreover, recent studies reported that IL-1β exposure in HNSCC cells led to a significant decrease of E-cadherin expression by inducing the expression of Snail ([@B16]). This research group also documented that reduced E-cadherin expression by Snail modulated by IL-1β treatment occurred in a COX-2 dependent manner. However, in our study, IL-1β did not induce COX-2 expression in SNU719 cells. This finding was explained by the finding that SNU719 cells revealed transcriptional silencing of COX-2 by promoter hypermethylation ([@B22]). So, we could not verify whether IL-1β reduced E-cadherin expression by inducing Snail in a COX-2 dependent in gastric cancer cells. Taken together, IL-1β can reduce E-cadherin expression through transcriptional repression in gastric cancer cells.

Augmentation of PGE~2~ by COX-2 activation or prostaglandin dehydrogenase inactivation repressed E-cadherin expression through the induction of Snail and ZEB1 in non-small cell lung cancer and colon cancer ([@B11], [@B23]). E-cadherin expression was sequentially reduced via PGE~2~-EP2 signaling pathway during ultraviolet-induced squamous cell carcinoma progression ([@B24]). E-cadherin was upregulated and localized at intercellular junctions and the cytoplasmic membrane in etodolac-stimulated colon cancer cells ([@B25]). Down-regulation of COX-2 by celecoxib in gastric cancer cells led to up-regulation of E-cadherin ([@B9]). Short-term treatment of celecoxib in the patients of gastric cancer up-regulated E-cadherin expression ([@B26]). In the present study, we have demonstrated that PGE~2~ treatment for SNU719 gastric cancer cells reduced E-cadherin expression by enhancing Snail expression. This finding was confirmed as follows. First, reciprocal correlation between expression of E-cadherin and Snail was dependent on the dose or exposure time of PGE~2~. Second, Snail siRNA blocked the expression pattern of E-cadherin induced by PGE~2~ treatment.

In this study, ectopic expression of Snail reduced E-cadherin expression in SNU719 cells, however transfection of Snail siRNA in SNU668 cells did not enhance E-cadherin expression. The histopathology of SNU668 cells is signet ring cell carcinoma. Somatic alterations of the *E-cadherin* gene and the loss of E-cadherin expression have been reported in poorly differentiated and signet ring cell type than in well differentiated type ([@B27], [@B28]). In addition, SNU668 showed partial methylation in E-cadherin promoter ([@B29]). These findings suggest that the inactivation of *E-cadherin* in SNU668 cells take place through gene mutation or promoter hypermethylation, although other EMT regulators cannot be excluded.

In conclusion, inflammatory mediators reduced E-cadherin expression by enhancing Snail expression in gastric cancer cells. Inflammation-induced transcriptional regulation of E-cadherin in gastric cancer has implications for targeted chemoprevention and therapy.

![Western blot analyses of E-cadherin, COX-2 and Snail in SNU719 and SNU668 cells. (**A**) Endogenous expression of E-cadherin, COX-2 and Snail in SNU719 and SNU668 cells. (**B**) Expression of E-cadherin after ectopic expression of Snail in SNU719 cells. Twenty µg of protein was separated by 10% SDS-polyacrylamide gel electrophoresis and transferred to a nitrocellulose membrane. The bottom represents GAPDH, which was used as a loading control.](jkms-27-987-g001){#F1}

![Western blot analyses of E-cadherin and Snail in SNU719 cells treated with PGE2. (**A**, **B**) E-cadherin expression decreases as the dose or exposure time of PGE~2~ increased, whereas Snail expression increases with dose or time of PGE~2~. Twenty µg of protein was separated by 10% SDS-polyacrylamide gel electrophoresis and transferred to a nitrocellulose membrane. The bottom represents GAPDH, which was used as a loading control.](jkms-27-987-g002){#F2}

![Western blot analyses of E-cadherin in SNU719 cells treated with PGE~2~ after the transfection of Snail siRNA. Snail siRNA blocks the expression pattern of E-cadherin induced by PGE~2~ treatment. Twenty µg of protein was separated by 10% SDS-polyacrylamide gel electrophoresis and transferred to a nitrocellulose membrane. The bottom represents GAPDH, which was used as a loading control.](jkms-27-987-g003){#F3}

![Western blot analyses of E-cadherin and Snail in SNU719 cells treated with IL-1β. (**A**, **B**) E-cadherin expression decreases as the dose or exposure time of IL-1β increased, whereas Snail expression increased with dose or time of IL-1β. Twenty µg of protein was separated by 10% SDS-polyacrylamide gel electrophoresis and transferred to a nitrocellulose membrane. The bottom represents GAPDH, which was used as a loading control.](jkms-27-987-g004){#F4}

![Western blot analyses of E-cadherin and Snail in SNU719 cells treated with IL-1β after neutralization using anti-IL-1β antibody. Neutralization of IL-1β blocks the expression pattern of E-cadherin and Snail induced by IL-1β treatment. Twenty µg of protein was separated by 10% SDS-polyacrylamide gel electrophoresis and transferred to a nitrocellulose membrane. The bottom represents GAPDH, which was used as a loading control.](jkms-27-987-g005){#F5}

![Western blot analyses of E-cadherin and Snail in SNU719 cells treated with both PGE~2~ and IL-1β. There is no synergic effect of IL-1β and PGE~2~ on the expression pattern of E-cadherin and Snail. Twenty µg of protein was separated by 10% SDS-polyacrylamide gel electrophoresis and transferred to a nitrocellulose membrane. The bottom represents GAPDH, which was used as a loading control.](jkms-27-987-g006){#F6}
